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Novel aromatic suHonium compounds of general formula (I), photoadd generators comprising the same, and photopo- 
lymerizat)le compositions containing the same, capable of providing stereoiithographic resin compositions which do not 
suffer from the hindrance to curing by oxygen, can easily give shaped articles having desired sizes by virtue of the high 
accuracy thereof In curing, and can attain a satisfactory curing depth owing to the high sensitivity thereof for radiant 
energy; and a stereoiithographic process. 
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Description 

Background of the Invention 
5 [Field of the Invention] 

[0001] The present invention relates to a novel aromatic sulfonium compound, a photoacid generator comprising 
the same, a photopolymerizable composition and a stereolithographic resin composition comprising the said photoacid 
generator, and a stereolithographic process. 

10 

[Related ART] 

[0002] U.S.Patent.4,058.401 discloses sulfonium compounds such as phenacyl dialkyi sulfonium or triarylsulfonlum 
hexafluoroantimonate. and US.PATENT4,1 73,476 discloses 4-(phenyIthio)phenyl diphenyl sulfonium compounds as 

15 cationic polymerization initiators, respectively And, Japanese Patent Application Laid-open No.SHO 55-125104 and 
55-125105 disclose a practical method to produce a sulfonium salt as a cationic polymerization initiator to use. 
[0003] Further, Japanese Patent Application Laid-open No,HEI 7-61694, 7-25922 and 7-10914 disclose sulfonium 
salt having a diphenylsutfide structure with a carbonyl group at 4'-position as a cationic polymerization initiator. 
[0004] Here, as for a stereolithographic process, this process is a technique, as described in Japanese Patent 

20 Application Laid-open No.SHO 60^24751 5, wherein a given portion of photo-curing resin placed in a vessel is exposed 
continuously to a beam such as argon, helium-cadmium or semiconductor laser from above to cure the exposed por- 
tion, in order to produce a desired plane of cured layer. Then the cured layer is overlaid with another layer of the photo- 
curing resin, which is then photo-cured in the same manner to produce a second cured layer which continuously over- 
laps the first layer; and the same process is repeated to finally obtain a desired three-dimensional solid shape. 

25 [0005] As resins previously used for the above-described stereolithographic process, rriention may be made of rad- 
ically polymerizing resin compositions and, for example, Japanese Patent Application Laid - open No.HEl 2-228312 and 
No.HEl 5-279436 disclose a stereolithographic resin composition composed mainly of (meth)acrylic resin. Further, Jap- 
anese Patent Application Laid-open No.HEI2-1 45616, with the aim of reducing deformation, discloses a stereolitho- 
graphic resin which contains liquid resin and fine particles whose difference in apparent specific gravity is less than 0.2. 

30 For producing moldings at higher precision, a composition comprising an unsaturated ethyl ene-derivative monomer, a 
< photo-initiator, and a potentially insoluble, potentially radioactive polarizing substance is reported in Japanese Patent 
Applications Laid-open N0.HEI 3-15520, and a composition comprising an unsaturated ethylene-derivative monomer, 
a photo-initiator, and a potentially soluble radio-polarizing substance is reported in Japanese Patent Applications Laid- 
open N0.HEI 3-41 126. In addition, Japanese Patent Application Laid-open N0.HEI 4-85314 discloses a resin composi- 

35 tion comprising a silicone urethane acrylate. a compound having multifunctional ethylenic unsaturated bonds, and a 
polymerization initiator. 

[0006] Besides the above - mentioned radically polymerizable resin composition, another stereolithographic resins 
are known cationically polymerizing resin composition. For example, Japanese Patent Application Laid-open No.HEl 1 - 
213304 discloses an invention characterized by comprising a cationically polymerizing energy beam curable organic 

40 compound and a energy beam sensitive cationic polymerization " initiator. Japanese Patent Application Laid-open 
No.HEl 2-28261 discloses a resin comprising a cationically polymerizing energy beam curable organic compound and 
a portion of a radically polymerizing radio-curing organic compound, which exhibits reduced shrinkage and improved 
resolution. Also. Japanese Patent Application Laid-open No.HEl 2-80423 discloses a resin composition comprising an 
epoxy resin, a vinyl ether resin, an energy beam sensitive cationic polymerization initiator, a radically curing resin, and 

45 an energy beam sensitive radical polymerization initiator. In addition, Japanese Patent Application Laid-open No.HEl 2- 
7561 8 discloses a stereolithographic resin composition characterized by comprising a cationically polymerizing energy 
beam curable organic compound, an energy beam sensitive cationic polymerization initiator, a radically polymerizing 
energy beam curable organic compound, an energy beam sensitive radical polymerization initiator, and a polyester hav- 
. ing hydroxyl groups. 

50 [0007] Further, Japanese Patent Application Laid-open N0.HEI 9-8731 1 . 9-278935 and 1 0-1 681 07 disclose stere- 
olithographic resins using a sulfonium salt having a diphenylsulflde structure with a benzoyl group at 4*-position as a 
photo-initiator. 

[0008] However, the compound disclosed by above mentioned U.S.PATENT.4.058.401 can sensitize to the short- 
wave radiation of a mercury lamp applied usually as source of a radiation, but when the compound is used with an 
65. epoxy resin, etc., the ultraviolet ray which is nessesary to activate an initiator, is intercepted owing to absorption of radi- 
ation by the resin itself and it becomes difficult to obtain a satisfactory curing performance. 

[0009] In order to solve this problem, U.S. PATENT4, 173,476 and Japanese Patent Application Laid-open Nos. 
SHO 55-125104, and 55-125105 disclose the use of a sulfonium salt being able to absorb a long-wave radiation shifted. 
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but a satisfactory curing performance is not obtained yet. 

[0010] In addition. Japanese Patent Application Laid-open Nos. HEI 7-61694. 7-25922 and 7-10914 disclose sulfo- 
nium salt having a diphenylsulfide structure with a carbonyl group at 4'-position as a cationic photo-polymerization ini- 
tiator, and the composition applied this compound is repported to show good storage stability, good compatibility with 

5 vinylether. good hardening and little smell of cured article, but the curing performance is insufficient. 

[001 1] Further, any of a radically polymerizing resin and a stereolithographic resin composition composed mainly 
of it is suffered from the hindrance to curing by oxygen, which results in low degree of cure on curing, so that it is nec- 
essary to carried out "post cure process" by ray or heat, which is necessarily concerned in curing of mold. In the post 
cure process, however, the moldings has such a disadvantage as being apt to deform. Further, these resins show large 

10 shrinkage on curing, which makes it difficult to obtain a molding with desirable dimension. 

[0012] Furthermore, cationically curatrfe stereolithographic resins as described above in Japanese Patent Applica- 
tion Laid-open No.HEl 1-213304, No.HEl 2- 28261 and No.HEl 2-75618, have such superior charasteristic properties 
that the post cure process are not necessary and the deformation are little, as the curing proceeds through an active 
group even after the beam to be exposed are shut down, and it can also easily give shaped articles having desired sizes 

75 by virtue of small shrinkage on curing. However, these resins have such disadvantages that they have insufficient sen- 
sitivity to an energy beam to be exposed, and the cured articles show insufficient mechanical properties. 
[001 3] And also, in the invention disclosed by Japanese Patent Application Laid-open Nos. HEI 9-8731 1 , 9-278935 
and 1 0-1 681 07mentioned above, they have insufficient sensitivity to an energy beam to be exposed. 
[0014] Therefore, the object of the present invention is to provide a novel compound useful as a suitable photo- 

20 polymerization initiator being able to give a good cured article rapidly by effective absorbtion of the radiation from the 
source of a ray. photoacid generator comprising the novel compound and photopolymerizable compositions comprising 
the same. 

[0015] And another object of the present invention is to provide a stereolithographic resin compositions, by which 
the above mentioned disadvantages of the prior art can be overcome, by which the prevention of curing under oxygen 
25 do not occur and a molding with desirable dimension can be obtained easily, having sufficient sensitivity to an energy 
beam to be exposed and to provide a stereolithographic process using the said resin composition. 

Summary of the Invention 

30 [001 6] ' The inventors have, after thorough study, succeeded to synthesize the novel ai'omatic sulfonium compound 
of the general formula (I), and have found that the said compound has good compatibilities to various resins, and is acti- 
vated by effective absorption of long-wave radiation, therefore, the photo-polymerizable composition comprising the 
said compound can be cured rapidly to give good cured articles, and also the photo-resist comprising the same has 
good sensitivity and good resolution, to finally complete the present invention. 

35 [0017] Further, the inventors have found that, when a stereolithographic resin composition comprizing an aromatic 
sulfonium salt compound of the following general formula (I) as an erergy beam sensitive cationic polymerization initia- 
tor, with a cationically polymerizing organic substance is applied to stereolithographic process by exposing to a certain 
specific energy beam, this resin composition do not suffer from the hindrance to curing by oxygen, can easily give 
shaped articles having desired sizes by virtue of the high accuracy thereof in curing, owing to the high sensitivity thereof 

40 for radiant energy, to finally complete the present invention. 

[0018] That is. the present invention is an aromatic sulfonium compound expressed by a general formula (I), 
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wherein. is a p-phenylene group, in which one or more hydrogen atoms are substituted by halogen or alkyi group, 
r2 is a hydrocarbon radical, in which oxygen or halogen may be contained. and are identical or different, respec- 
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tively hydrogen, halogen or oxygen, or a hydrocarbon radical. In which oxygen or halogen may be contained. X is a 
group of atoms, which can form a monovalent anion. 

[0019] The present invention is also a photoacid generator comprizing the aforementioned aromatic sulfonium 
compound. 

5 [0020] Further, the present invention is a photo-polymerizable composition comprizing the aforementioned pho- 
toacid generator. 

[0021 ] Furthermore, the present invention is a stereolithographic resin composition comprizing, 

(1) cationically polymerizing organic substance, and 
10 (2) photoacid generator mentioned above as an energy beam sensitive cationic polymerization initiator. 

[0022] Still furthermore, the present invention is a stereolithographic process, wherein a given portion of the afore- 
mentioned stereolithographic resin composition is exposed to the beam in order to produce a desired thickness of cured 
layer, the energy of the beam with an emission wave length of 345 to 360nm being not less than 70% based on the total 
15 energy of the beam with an emission wave length of 250 to 400nm to cure the exposed portion thereof; then, the cured 
layer is overlaid with another layer of the stereolithographic resin composition, which is then cured in the same manner 
to produce a second cured layer which continuously overlaps the first layer; and the same process is repeated to finally 
obtain a three-dimensional molding. 
[0023] In addition, the resin composition can contain. 

20 

(3) radically polymerizing organic substance, and 

(4) energy beam sensitive radical polymerization initiator as essential components. 

[0024] The stereolithographic resin composition according to the present invention can contain an organic com- 
25 pound containing two or more hydoxyl groups in a molecule as an optional component. 

Drawings 

[0025] 

30 

Figure 1 is an illustration of a step to form a layer of uncured resin in the stereolithographic process. 
Figure 2 is an illustration of a step to form a first cured layer in the stereolithographic process. 
Figure 3 is an illustration of a step to form a second layer of uncured resin on the first cured layer in the stereolitho- 
graphic process. 

35 Figure 4 is an illustration of a step to form a second cured layer in the stereolithographic process. 
Description of the Preferred Enrtoodiments 

[0026] In the general formula (I) mentioned above, Is a p-phenylene group, in which one or more hydrogen 
40 atoms are substituted by halogen atoms or alkyi groups. For example, p-phenylene group, in which one or more hydro- 
gen atoms are substituted by fluorine, chlorine, bromine, iodine, methyl-, ethyl-, propyl-, isopropyl-. butyl-, isobutyl-, tert- 
butyl-. pentyl-, isopentyl-. tert-pentyl-. neopentyl-. hexyl-, isohexyl-, heptyl-, octyl-, 2-ethylhexyl-. nonyl-. decyl-, undecyl- 
. dodecyl-. tridecyl-, isotridecyl-. myristyl-. paimityl-, stearyl-group and the like. The number of the such substituents are 
from 1 to 4, and the position of the substituents is not limited. 
45 [0027] r2 is a hydrocarbon radical, in which oxygen or halogen atom can be contained. Examples of such hydro- 
carbon radicals include alkyI group, halogenated alkyI group, hydroxy alkyI group, alkoxy group, phenyl group, alkylphe- 
nyl group, halogenated phenyl group, phenoxy group, hydroxy phenyl group, alkoxy carbonyl group and the like. 
[0028] Examples of alkyI group mentioned above, include methyl-, ethyl-, propyl-, isopropyl-, butyl-, isobutyl-. tert- 
butyl-. pentyl-. isopentyl-, tert-pentyl-, neopentyl-. hexyl-, isohexyl-, heptyl-. octyl-. 2-ethylhexyl-. nonyl-. decyl-. undecyl- 
50 . dodecyl-, tridecyl-, isotridecyl-. myristyl-. paimityl-, stearyl-group and the like. And, one or more hydrogen atoms may 
be substituted by phenyl group or acyl group. 

[0029] One of examples of halogenated alkyI group mentioned above is an alkyI group, in which one or more hydro- 
gen atoms are substituted by halogen atoms. 

[0030] Examples of alkoxy group mentioned above, include methoxy-, ethoxy-, propyloxy-, butyloxy-, pentyloxy-, 
55 hexyloxy-, heptyloxy-, octyloxy-, nonyloxy-. decyloxy-. undecyloxy-. dodecyloxy-, myristyloxy-, palmityloxy-, stearyloxy- 
group and the like. 

[0031 ] In hydroxy alkyI group, halogenated alkyI group, hydroxy alkyI group and alkoxy group, the prefereble carbon 
numbers are from 1 to 12. 
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[0032] In addition, when a hydrocarbon radical mentioned above has phenyl groups, one or more hydrogen atoms 
of the phenyl groups can be substituted by halogen atoms, alkyi group, hydroxy alkyi group, alkoxy group, hydroxyl 
group, ester group (alkoxycarbonyl group) and acyl group, and one or more hydrogen atoms of such a substituent can 
be substituted by halogen atoms, hydroxyl group etc. These alkyl group, hydroxy alkyi group, alkoxy group, hydroxyl 

5 group* ester group (alkoxycarbonyl group) and acyl group may be the same with afore mentioned group. 

[0033] In the general formula (I) mentioned above, and are identical or different, hydrogen, halogen or oxygen 
atom, or an alkyl group, respectively, in which can contain oxygen or halogen atoms. When Y^ or Y^ is an alkyl group, 
in which can contain oxygen or halogen atoms, the alkyl group may be the same one, described above in the case of 
R^. The position of Y^ or Y^ is not limited. 

10 [0034] In the general formula (I) mentioned above, X is a group of atoms, which can form a monovalent anion. 
Among the examples of X", SbFe". PFe", As Fe". BF4-, SbCle". CIO4 , CFaSOs-. CHgSOg-, FSOa-. FaPOa". p-toluene sul- 
fonate, campher sulfonate, nonaf luorobutane sulfonate, adamantane carboxylate, tetraaryl borate, are particularly pref- 
erable to be synthesized. 

[0035] Examples of tetraaryl borate include tetraphenyl borate and its derivatives, which at least one hydrogen 
IS atom on the phenyl group is substituted by alkyl group, halogen atom, halogenated alkyl group, hydroxy alkyl group, 
alkoxyl group, phenyl group, alkoxycarbonyl group, and tetraki5(pentafluorophenyl) borate, tetrakis(4-fluorophenyl) 
borate, tetraphenyl boratie; 

[0036] Preferable sulfonium salts of general formula (I) mentioned above, include 

20 4-(2-chIolo-4-benzoylphenylthio)phenyIdiphenylsulfonium hexalluoroantimohate, 

4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chlolo-4-benzoylphenytthio)phenylbis(4-methylphenyl)sulfonium hexafluoroantimonate, 
4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-(|^hydroxyethoxy)phenyl)sulf6nium hexafluoroantimo 

25 4-(2-methyl-4-benzoylphenytthio)phenylbis(4-fluorophenyl)sulf6nium hexafluoroantimonate, 
4-(3-methyl-4-benzoylphenylthio)phenyibis(4-fIuorophenyl)sulfbnium hexafluoroantimonate, 
4-(2-fluoro-4-benzoylphenylthlo)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-methyl-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate. 
4-(2,3,5,6-tetramethyl-4-benzoylphenylthlo)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 

30 4-(2,6-dichloro-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2,6-dimethyl-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate. 
4-(2,3-dimethyl-4-benzoylphenylthio)phenylbis(4-fluorophenyl)sulfbnium hexafluoroantimonate. 
4-(2-methyl-4-benzoylphenylthio)pheny1bis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-{3-methyi-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 

35 4-(2-fluoro-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-methyl-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2,3,5.6-tetramethyl-4-benzoylphenylthio)phenylbis{4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2,6-dichloro-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate. 
■ 4-(2,6-dimethyl-4-benzoylphenylthio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 

40 . 4-(2,3-dimethyl-4-benzoylphenyithio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-acetylphenylthio)phenyldiphenyl sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methylbenzoyI)phenylthio) phenyldiphenyi sulfonium hexafluoroantimonate. 
4-(2-chloro-4-(4-fluorobenzoyl)phenylthio) phenyldiphenyi sulfonium hexafluoroantimonate, 
4-(2-chloro-4-{4-methoxybenzoyl)phenylthio) phenyldiphenyi sulfonium hexafluoroantimonate, 

45 4-(2-chloro-4-dodecanoylphenylthio) phenyldiphenyi sulfonium hexafluoroantimonate. 

4-(2-chloro-4-acetylpheny!thio)phenylbis(4-f!uorophenyl)sulfbnium hexafluoroantimonate, 
4-{2-chloro-4-(4-methylbenzoyl)phenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-fluorobenzoyl)phenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-(4-methoxybenzoyl)phenylthio)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 

50 4-(2-chloro-4-dodecanoylphenylthlo)phenylbis(4-fluorophenyl)sulfonium hexafluoroantimonate, 
4-(2-chloro-4-acetylphenylthio)phenylbis(4-chlorophenyl)sulfonlum hexafluoroantimonate. 
4-(2-chloro-4-(4-methylbenzoyl)phenylthio)phenylbis(4-chlorophenyl)su!fonium hexafluoroantimonate. * 
4-(2-chloro-4-(4-fluorobenzoyl)phenylthlo)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate. 
4-(2-chtoro-4-(4-methoxybenzoyl)phenylthlo)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate. 

55 4-{2-chloro-4Kjodecanoylphenyithio)phenylbis(4-chlorophenyl)sulfonium hexafluoroantimonate. 
4-(2-chloro-4-benzoylphenylthio)phenytdiphenyl sulfonium hexafluorophosphate, 
4-(2-ch!oro-4-benzoylphenylthio)phenyldiphenyi sulfonium tetrafluoroborate, 
4-(2-chloro-4-benzoylphenylthio)phenyldiphenyl sulfonium perchlorate. 
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4-(2-chloro-4-benzoy}phenylthio)phenyldiphenyl sulfonlum trifluoromethanesulfonate« 
4-(2-chloro-4-benzoy1phenylthio)phenylbis(4-fluorophenyl) sulfonium hexafluorophosphate, 
4-{2-chloro-4-benzoylphenylthio)phenylbis(4-fluorophenyl) sulfonium tetrafluoroborate, 
4-(2-chloro-4-benzoylphenyIthio)phenylbis(4-fluorophenyl) sulfonium perchi orate, 
4-(2-chloro-4-benzoylphenyithio)phenylbis(4-fluorophenyl) sulfonium trifluoromethanesulfbnate. 
4-(2-chloro-4-benzoylphenylthio)phenylbis(4-fluorophenyl) sulfonium p-toluenesulfbnate, 
4-(2-chloro-4-benzoylphenylthio)phenylbist4-fluorophenyl) sulfonium camphersulfonate, 
4-(2-chloro-4-benzoylphenylthio)phenylbis(4-fluorophenyl) sulfonium nonafluorobutanesuifonate, 
4-(2-chloro-4-benzoylphenylthio)phenylbis(4-chlorophenyl) sulfonium hexafluorophosphate, 
4-(2-chloro-4-benzoylphenylthlo)phenylbis(4-chlorophenyl) sulfonium tetrafluoroborate, 
4-(2-chloro-4'benzoylphenylthlo)phenylbls(4-chlorophenyl) sulfonium perchlorate, 

4-(2-chloro-4-benzoylphenylthio)phenylbls(4-chlorophenyl) sulfonium trif luoromethanesulfonate. and the like. 

[0037] Above mentioned compounds can be produced, for example, by exchange of the salts after preparing the 
sulfonium salts by condensation with dehydration of a substituted diphenylsulfide with a diphenyl sulfoxide in sulfuric 
acid. 

[0038] Since the photo-acid generator of the present invention has the character to release, in situ, a Lewis acid by 
being exposed to an active energy beam of an ultraviolet ray, an electron beam, an X-ray, a radioactive ray, or a high- 
frequency wave, the photo-acid generator can initiate polymerization of a cationically polymerising organic substance. 
Theriefore, the photo-acid generator of the present invention is useful for cationic photo-polymerization initiator. 
[0039] Owing to the acyl radical in the compound of above-mentioned general formula (I), the photo-acid generator 
of the present invention has the sensitivity to longer wave radiation compared with the customary aromatic sulfonium 
salt, thus can effectively absorb the beam with an emission wave length of 365nm, which is the brightest beam from 
high-pressure mercury-vapor lamp among general sources of light. Therefore, cationically polymerising composition or 
photo-resist, which comtains the aromatic sulfonium compound off the present invention has greatly improved sensitiv- 
ity, compared with cationically polymerising composition or photo-resist, which comtains the previous aromatic sulfo- 
nium compound. The reactivity of the aromatic sulfonium compound of the present invention Is improved, since 
substituents are introduced in the phenylene group, which locates between the carbonyl group in the acyl radical and 
sulfur atom in the sulfide structure. 

[0040] (l)Cationically polymerizing organic substance, which is one component of photopolymerizable composition 
of the present invention is a compound which polymerizes or cross-links by cationic polymerization initiator which is 
activated by exposure to light. 

[0041] Examples of such compounds include epoxy compounds, oxetane compounds, cyclic lactone compounds, 
cyclic acetal compounds, cyclic thioether compounds, spiroorthoester compounds, and vinyl compounds, which have 
the structure except for the cationically polymerizing organic substance. They may be used independently or in combi- 
nation. Among them, epoxy compounds are suited, for their availability and ease of handling. As such epoxy com- 
pounds, aromatic, alicyclic and aliphatic epoxy resins are suited. 

[0042] Further, examples of the alicyclic epoxy resins described above, include polyglycidyl ethers of poly-hydric 
alcohols having at least one alicyclic ring, or a compound containing cyclohexane-oxide or cyclopentene-oxide obtained 
by epoxidation of a compound having a structure of cyclohexene- or cyclopentene-ring with oxidant. For example, men- 
tion may be made of diglycidyl ether of hydrogenated bisphenol A, 3.4-epoxycylohexylmethyl-3.4-epoxycyclohexane 
carboxylate. 3,4-epoxy-1-methylcylohexyl-3.4-epoxy-1 -methylhexane carboxylate, 6-methyl-3.4-epoxycylohexylmethyl- 
6-methyl-3,4-epoxycyclohexane carboxylate, 3,4-epoxy-3-methylcylohexylmethyl-3.4-epoxy-3-methylcyclohexane car- 
boxylate, 3,4-epoxy-5-methylcylohexylmethyl-3,4-epoxy-5-methylcyclohexane carboxylate, 2-(3,4-epoxycyclohexyl- 
5,5-spiro-3,4-epoxy)cyclohexane-methadioxane. bis(3.4-epoxycyclohexylmethyl) adipate. 3.4-epoxy-6-methylcy- 
clohexyl carboxylate, methylene bis(3.4-epoxycyclohexane), dicyclopentadiene diepoxide, ethylene bis(3,4-epoxycy- 
clohexane carboxylate), dioctyl epoxyhexahydrophthalate, di-2-ethylhexyl epoxyhexahydrophthalate, and the like. 
[0043] As the alicyclic epoxy resins described above, suitable products available commercially include UVR-61 00, 
UVR-6105. UVR-61 10, UVR-6128, UVR-6200.( from Union Carbide Co.,). Celoxide2021, Celoxide2021 P, 
Celoxide2081. Celoxide2083. CelQxide2085, Celoxide2000, CeloxideSOOO, CyclomerA200, CyclomerMlOO, 
CyclomerMIOI . EpoleadGT-301 . EpoleadGT-302. EpoleadGT- 401 , EpoleadGT-403, ETHB, EpoleadHD300. (from Dai- 
cel Chemical Industries, LTD.). KRM-21 10, KRM-2199, (from Asahi Denka Kbgyo Co. Ltd.). 

[0044] Among the alicyclic epoxy resins, the epoxy resins having the structure of cyclohexene exibit preferable cur- 
ing performance (fast curing). 

[0045] Examples of the aromatic epoxy resins described above, include polyglycidyl ethers of polyhydric phenols 
having at least one aromatic ring, or their adducts with alkylene oxide, such as bisphenol A, bisphenol F. the glycidyl 
ethers of their adducts with alkylene oxides, or epoxy-novolac resins. 

[0046] And also, examples of the aliphatic epoxy resins described above, include polyglycidyl ethers of aliphatic 



6 



EP 1 036 789 A1 



polyhydric alcohols or their alkylene oxide adducts. polyglycldyl esters of aliphatic, long chain, poly-basic acids, 
homopolymers of glycidyl acrylate or methacrylate prepared by vinyl polymerization, copolymers of glycidyl acrylate or 
methacrylate, prepared by vinyl polymerization with other vinyl monomer and the like. Typical examples of such com- 
pounds include glycidyl ethers of polyhydric alcohols, such as 1,4-butanediol diglycidyl ether,1,6-hexanediol diglycidyl 

5 ether, triglycidyl ether of glycerol.triglycidyl ether of trimethylol propane.tetraglycidyl ether of sorbitol, hexaglycidyl ether 
of dipentaerythritol. diglycidyl ether off polyethylene glycol, and diglycidyl ether of polypropylene glycol: polyglycidyl 
ethers of polyetherpolyols, which can be obtained by adding one or more alkylene oxides with aliphatic polyhydric alco- 
hols such as propylene glycol, trimethylol propane and glycerol; and diglycidyl esters of aliphatic, long chain di-basic 
acids. Further, mention may be made of mono-glycidyl ethers of aliphatic higher alcohols; mono-glycldyl ethers of phe- 

10 nol, cresol, butyl phenol, or polyether alcohols which can be obtained by adding alkylene oxide thereto; glycidyl esters 
of higher fatty acids; epoxidized soybean oil; octyl epoxy-stearate; butyl epoxy-stearate; epoxidized soybean oil; epoxi- 
dized polybutadiene and the like. 

[0047] As the aromatic and aliphatic epoxy resins described above, suitable products available commercially 
include Epicoat801. Epicoat828, (from Yuka-Sheil-Epoxy Co.), 

15 

PY-306, 0163, DY-022, (from Ciba-Geigy Co.), KRM-2720, EP-4100, EP-4000. EP-4080. EP-4900. ED-505. ED- 
506. (from Asahi Denka Kogyo Co. Ltd.). Epollght M-1230. Epolight EHDG-L. Epolight40E. Epolight 100E, Epolight 
200E. Epolight 400E. Epolight 70P, Epolight 200P, Epolight 400P, Epolight 1500NP, Epolight 1600, Epolight 80MF, 
Epolight 100MF. Epolight 4000. Epolight 3002. Epolight FR-1500. (from Kyoeisha Chemical Co., Ltd.). Santoto 
20 STOOOO. YD-716. YH-300. PG-202. PG-207, YD-172. YDPN638. (from Tohto Kasei Co. Ltd.) 

[0048] Examples of the oxetane compounds described above, include 3-ethyl-3-hydroxymethyloxetane, 3- 
(meta)allyloxymethyl-3- ethyloxetane, (3-ethyl-3-oxetanylmethoxy)methylbenzene. 4-f luoro-[1 -(3-ethyl-3-oxetanylmeth- 
oxy)methyl] benzene. 4-methoxy-[1 -(3-ethyl-3-oxetanylmethoxy)methyl] benzene. [1 -(3-ethyl-3-oxetanylmeth- 

25 oxy)ethyl]phenylether. isobuthoxymethyl(3-ethyl-3-oxetanylmethyl) ether, isobornyloxyehtyl(3-ethyl-3-oxetanylmethyl) 
ether, isobornyl (3-ethyl-3-oxetanylmethyl) ether, 2-ethylhexyl (3-ethyl-3-oxetanylmethyl) ether, ethyldi ethyl eneglycol (3- 
ethyl-3-oxetanylmethyl) ether, dicyclopentadiene(3-ethyl-3-oxetanylm ethyl) ether, dicyclopentenyloxyethyl (3-ethyl-3- 
oxetanylmethyl) ether, dicyclopentenyl(3-ethyl-3-oxetanylmethyl) ether. tetrahydrofurfuryl(3-ethyl-3-oxetanyImethyl) 
ether, tetrabromophenyl{3-ethyl-3-oxetanylmethyl) ether, 2-tetrabromophenoxyethyl(3-ethyl-3-oxetanylmethyl) ether, tri- 

30 bromophenyl(3-ethyl-3-oxetanylmethyl) ether, 2-tribromophenoxyethyl(3-ethyl-3-oxetanyl methyl) ether. 2-hydroxye- 
thyl(3-ethyl-3-oxetanylmethyl) ether. 2-hydroxypropyl(3-ethyl-3-oxetanylmethyl) ether, buthoxyethyl(3-ethyl-3- 
oxelanylmethyl) ether. pentachlorophenyl(3-ethyl-3-oxetanylmethyl) ether, pentabromophenyl(3-ethyl-3-oxetanylme- 
thyl) ether. bornyl(3-ethyl-3-oxetanylmethyl) ether; 3.7-bis(3-oxetanyl)-5-oxa-nonane. 3.3*-(1,3,-(2-methylenyl)propan- 
edlyl bls(oxymethylene))bis-(3-ethyloxetane). 1,4-bis[(3-ethyl-3-oxetanylmethoxy)methyl]benzene. 1 ,2-bis[(3-ethyl-3- 

35 oxetanylmethoxy)methyl]ethane, 1, 3 -bis[(3-ethyl-3-oxetanylmethoxy)methyl] propane, ethyleneglycoIbis(3-ethyl-3-oxe- 
tanylmethyl) ether. dicyclopentenylbis(3-ethyl-3-oxetanylmethyl) ether, triethyleneg lycolbis(3 -ethyl -3 -oxetanylm ethyl) 
ether. tetraethyleneglycolbis(3-ethyl-3-oxetanylmethyl) ether, tricyclodecanediyldimethylene(3-ethyl-3-oxetanylmethyl) 
ether, trimethylolpropanetris(3-etfvl-3-oxetanylmethyl) ether, 1,4-bis(3-ethyl-3-oxetanylmethoxy) butane, 1,6-bis(3- 
ethyl-3-oxetanylmethoxy) hexane. pentaerythrltoltris(3-ethyl-3-oxetanylmethyl) ether. pentaerythritoltetrakis(3-ethyl-3- 

40 oxetanylmethyl) ether, polyethyleneglycolbis (3-ethyl-3-oxetanylmethyl) ether, dipentaerythritolhexakis(3-ethyl-3-oxeta- 
nylmethyl) ether, dipentaerythritolpentakis(3-ethyl-3-oxetanyl methyl) ether. dipentaerythritoltetrakis(3-ethyl-3-oxetanyl- 
methyl) ether, caprolactone modified dipentaerythritolhexakis(3-ethyl-3-oxetanylmethyl) ether, caprolactone modified 
dipentaerythritolpentakis(3-ethyl-3-oxetanylmethyl) ether, ditrimethylolpropanetetrakis(3-ethyl-3-oxetanylmethyl) ether, 
ethyleneoxide modified bisphenolAbis(3-ethyl-3-oxetanylmethyl) ether, propyleneoxide modified bisphenolAbis(3-ethyi- 

45 3-oxetanylmethyl) ether, ethyleneoxide modified bisphenolA. which is reduced by hydrogen, bis(3-ethyl-3-oxetanylme- 
thyl) ether, propyleneoxide modified bisphenolA, which is reduced by hydrogen, bis(3-ethyl-3-oxetanyl methyl) ether, 
ethyleneoxide modified bisphenolF(3-ethyl-3-oxetanylmethyl) ether, and the like. These compounds may be used inde- 
pendently or in combination. These oxetane derivatives may be used preferably to effect flexible property for the mold- 
ing. 

so [0049] The cationically polymerizing organic substances, which are desaibed above as components of photo- 
polymerizable composition, can be applied as well as (1) cationically polymerizing organic substances used in the ster- 
eolithografic resin composition of the present invention. 

[0050] Furthermore, it is particularly preferable to employ an epoxy compound having cyclohexen oxide strcture in 
a molecule among the epoxy compounds described above in an amount of 30 or more % by weight based on catinically 
55 polymerizing organic substances to effect good curing performance (curing rate) and moldings at high precision, as the 
stereolithographic resin composition. As 70 % or.less by weight of the cationically polymerizing organic substances, use 
may be made of epoxy compound except for the one mentioned above or a cationically polymerizing organic substance 
except for epoxy compounds, as listed below. And also, it is preferable to employ the mixture of the catinically polymer- 
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izing organic substances except for epoxy compounds and the cyclohexen oxide compound mentioned above. 
[0051] Examples of cationically polymerizing organic substances except for epoxy compounds, which can be 
employ in this invention, include oxetane compounds described above; oxorane compounds such as tetrahydrofuran 
and 2,3-dimethyl-tetrahydrofuran; cyclic acetal compounds such as trioxane. 1 ,3-dioxorane and 1 ,3.6-trioxan-cyclooc- 

5 tane; cyclic lactones such as p-propiolactone and c-caprolactone; thiirane compounds such as ethylene sulfide and 
thioepichlorohydrine; thietane co cationically polymerizing organic substances, use may be made of the cationically 
mpounds such as 1 ,3-propine sulfide and 3,3-dimethyl thietane; cyclic thio-ether compounds such as tetrahydro-thi- 
ophene derivatives ;vinyl ether compounds such as ethylene glycol divinylether, alkyi vinylether, 2-chloroethyl vinylether, 
2-hydroxyethyl vinylether. triethyleneglycol divinyl ether. 1 ,4-cyclohexane dimethanol divynil ether, hydroxybuthyl vynil 

10 ether, propenyl ether of propyleneglycol; ethylenic unsaturated compounds such as spiro-ortho ester compounds 
obtained by the reaction of epoxy compounds with lactones, styrene. vinyl cyclohexene, iso-butylene and polybutadi- 
ene, and the derivatives thereof. 

[0052] In the stereolithographic resin composition, it is preferable to employ the oxetane compound as the cationi- 
cally polymerizing organic substance in an amount of 30 % or more by weight based on total cationically polymerizing 
IS organic substances to effect flexible property for the molding. As the remaining 70 % or.less by weight of the polymer- 
izing organic substances except for the oxetane compounds mentioned above such as epoxy resins. 
[0053] As (1) cationically polymerizing organic substances, the cationically polymerizing organic substances 
described above can be used independently or in combination. 

[0054] As photopolymerization initiator, a photo-acid generator can be used without limitation in the customary 
20 range of use, however, a photo-acid generator is preferably used at the content of 0.05 to 10 parts by weight based on 
the 100 parts by weight of a cationically polymerizing organic substance. But, according to the performance of a cati- 
onically polymerizing organic substance, the intensity of the beam to be exposed, period to be cured and the cost facter, 
it can be used out of range described above. 

[0055] The radically polymerizable photo-polymerizing composition such as acrylic resin and unsaturated polyester 

25 can be used mixing with the photo-polymerizable composition of the present invention. 

[0056] If desired, a photosensitizer, such as anthracene derivative or pyrene derivative thermosensitive cationic 
polymerization initiator, filler, diluent, solvent pigment, flexibilizer. defoamer. leveling agent, thickener, stabilizer, flame 
retardant, antioxidant, may be added in the stereolithograpphic resin composition of the present invention. 
[0057] The photo-polymerizing composition of the present invention is useful for wide applicaion, for example man- 

30 ufacturing of printing plate for litho printing or relief printing, photo-resist for manufacturing of printed board. IC and LSI, 
Image processing such as relief image and printed image copy, photo-curable ink. coating or adhesives etc. 
[0058] In the stereolithographic resin, afore-mentioned (2) energy beam sensitive cationic polymerization initiator 
can be used preferably at the content of 0.05 to 1 0 % by weight, more preferably at the content of 0. 1 to 10 % based on 
the (1) cationically polymerizing organic substance. When the content exceeds this range, the cured articles have Insuf- 

35 f Icient strength, and In the case of below the cure of the resin Is insufficient. 

[0059] (3) Radically polymerizing organic substance, which is used according to the present invention, is a radically 
polymerizing organic substance which polymerizes or aoss-links upon exposure to an energy beam in the presence of 
a energy beam sensitive radical polymerization initiator and, preferably, has at least one unsaturated double bond per 
one molecule. 

40 [0060] Examples of such compounds include acrylate compounds, methacrylate compounds, allyl urethane com- 
pounds, unsaturated polyester compounds, and styrene series compounds. 

[0061] Among these radically polymerizing organic substances, those having (meth)acryllc groups, such as epoxy 
(meth)acrylates. urethane (meth)acrylates. polyester (meth)acrylates. polyether (meth)acrylates, {meth)acrylic esters 
of alcohols, are best suited, for their availability and ease of synthesis and handling. 

45 [0062] Here, epoxy (meth)acrylates refer to acrylates which are obtained by the reaction of, for example, a known 
aromatic, alicycllc or aliphatic epoxy resin and (meth)acrylic acid. The most preferable of these epoxy (meth)acrylates 
are the (meth)acrylates of aromatic epoxy resins which are obtained by the reaction of a polyglycldyl ether of a polyhy- 
dric phenol having at least one aromatic nuclei or an added alkylene oxide thereof, and (meth)acrylic acid. One example 
is the (meth)acrylate obtained by the reaction of a glycidyl ether and (meth)acry!ic acid, the former obtained by the reac- 

50 tion of bisphenol A or an added alkylene oxide thereof and epichlorohydrin. Another example is the (meth)acrylate 
obtained by the reaction of an epoxy novolac resin and (meth)acrylic acid. 

[0063] The most preferable urethane (meth)acrylates are those obtained by the reaction of one or more polyesters 
or polyethers having a hydroxyl group, a (meth)acryllc ester having a hydroxyl group, and an isocyanate. and those 
obtained by the reaction of a (meth)acryllc ester having a hydroxyl group and an isocyanate. 
55 [0064] Among polyesters having a hydroxyl group, the most preferable ones are those obtained by the reaction of 
one or more aliphatic polyhydric alcohols and one or more polybasic acids. Examples of the aliphatic polyhydric alco- 
hols include 1 .3-butanediol, 1 ,4-butanediol, 1 ,6-hexanediol. diethylene glycol, triethylene glycol, neopentyl glycol, poly- 
ethylene gycol, polypropylene glycol, polybutylene glycol, trimethylolpropane, glycerol, pentaerythritol, and 
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dipentaerythrltol. Examples of the polybasic acids Include adipic acid, terephthallc acid, phthalic anhydride, and trimel- 
litic acid. 

[0065] Among polyethers having a hydroxyl group, the most preferable ones are those obtained by adding one or 
more atkylene oxides to a aliphatic polyhydric alcohol. Examples of the aliphatic polyhydric alcohols are such as those 
5 listed above. Examples of the alkylene oxides include ethylene oxide and propylene oxide. 

[0066] Among (meth)acrylic esters having a hydroxyl group, the most preferable ones are those obtained by the 
esterif ication of an aliphatic polyhydric alcohol and (meth)acrylic acid. Examples of the aliphatic polyhydric alcohols are 
such as those listed above. 

[0067] The best suited of these (meth)acrylic esters having a hydroxyl group are those obtained by the esterification 
10 of a aliphatic dihydric alcohol and (meth)acrylic acid, such as 2-hydroxyethyl (meth)acrylate. 

[0068] Among isocyanates, the most preferable ones are those having one or more isocyanic group per one mole- 
cule, particularly divalent isocyanic compounds such as tolylene diisocyanate. hexamethylene dilsocyanate, and isp- 
phorone diisocyanate. 

[0069] The most preferable polyester (meth)acrylates are those obtained by the reaction of a polyester having a 
IS hydroxyl group and (meth)acrylic acid. Among polyesters having a hydroxyl group, the most preferable ones are those 
obtained by the esterification of one or more aliphatic polyhydric alcohols and one or more monoacids. polybasic acids 
and phenols. Examples of the aliphatic polyhydric alcohols are such as those listed above. Examples of the monoacids 
include formic acid, acetic acid, butyl carbonic acid, and benzoic acid. Examples of the polybasic acids include adipic 
acid, terephthallc acid, phthalic anhydride, and trimellitic acid. Examples of the phenols include phenol, p-nonyl phenol. 
20 bisphenol A, and the like. The most preferable polyether (meth)aaylates we those obtained by the reaction of a poly- 
ether having a hydroxyl group and (meth)acrylic acid. Among polyethers having a hydroxyl group, the most preferable 
ones are those obtained by adding one or more alkylene oxides to an aliphatic polyhydric alcohol. Examples of the 
aliphatic polyhydric alcohols are such as those listed above. Examples of the alkylene oxides Include ethylene oxide, 
propylene oxide and the like. 

25 [0070] The most preferable (meth)acrylic esters of alcohols are (meth)acrylates obtained by the reaction of an aro- 
matic or aliphatic alcohol having at least one hydroxyl group per one molecule or an added alkylene oxide thereof, and 
(meth)acrylic acid. Examples of such (meth)acrylates include 2-ethylhexyl (meth)acrylate, 2-hydroxyethyl (meth)acr- 
ylate. 2-hydroxypropyl (meth)acrylate, Isoamyl (meth)acrylate. lauryl (meth)acrylate, stearyl (meth)acrylate. isooctyl 
(meth)acrylate. tetrahydrofurfuryl (meth)acrylate, isobonyl (meth)acrylate, benzyl (meth)acrylate, 1 ,3-butanediol 

30 di(meth)acrylate, 1 ,4-butanedtol dl(meth)acrylate, 1 .6-hexanediol di(meth)acrylate. diethylene glycol dl(meth)acrylate, 
triethylene glycol di(meth)acrylate, neopentyl glycol di(meth)acrytate, polyethylene glycol di(meth)acrylates, polypropyl- 
ene glycol di(meth)acrylates, trimethylolpropane tri(meth)acrylate. pentaerythritol telra (meth)acrylate, dipentaerythritol 
hexa(meth)acrylate, and e-caprolactone-modif ied dipentaerythritol hexa(meth)acrylate. 
[0071] Among these (meth)acrylate, poly(meth)acrylate of polyhydric alcohols are particularly preferable. 

35 [0072] As the radically polymerizing organic substance described above, suitable products available commercially, 
for example of monovalent products, include AronixM-101 . M-102, M-1 1 1 , M-1 13, M-1 17, M-152, TO-1210{from Toago- 
sei Co., Ltd.). Kayarad TC-110S, R-564, R-128H. (from Nippon Kayaku Co.. Ltd.). Blscoat192. Blscoat220. 
Biscoat2311HP, Biscoat2000, Biscoat2100, Biscoat2150, BiscoatSF, Biscoat17F, (from Osaka YuW Chemical Ind.,). 
[0073] And, for example of polyvalent products, include SA1002,(from Mitsubishi Chemical Co., Ltd.,), Biscoat195, 

40 Biscbat230, Biscoat260, Biscoat215, Biscoat310, Biscoat214HP, Biscoat295, BiscoatSOO, Biscoat360, BiscoatGPT, 
Biscoat400, Biscoat700. Biscoat540, BiscoatSOOD, Biscoat3700, (from Osaka Yuki Chemical Ind.,), Kayarad FR-526. 
HDDA, NPGDA. TPGDA. MANDA. R-551. R-712. R-604. R-684, PET-30. GPO-303. Tf^PTA. THE-330. DPHA, DPHA- 
2H, DPHA-2C. DPHA-21. D-310. D-330. DPCA-20, DPCA-30. DPCA-60. DPCA-120, DN-0075. DN-2475, T-1420, T- 
2020. T-2040, TPA-320, TPA-330, RP-1040, RP-2040, R-011, R-300, R-205,(from Nippon Kayaku Co., Ltd.); AronixM- 

45 210, M-220, M-233, M-240, M-215, M-305, M-309. M-310, M-315. M-325, M-400, M-6200, M-6400, (from Toa Gosel 
Co.. Ltd.), Light AcrylateBP-4EA, BP-4PA, BP-2EA, BP-2PA, DCP-A, (from Kyoeisha Chemical Co., Ltd.), Newfron- 
tierBPE-4, TEICA. BR-42M, GX-8345, (from Dai-lchi Kogyo Seiyaku Co.. Ltd.), ASF-400. (from Nippon Steel Chemical 
Co..Lld.) Ripoxy SP-1506, SP-1507. SP-1509, VR-77. SP-4010, SP-4060, (from Showa Highpolymer Co., Ltd.), NK 
Ester A-BPE-4. (from Shin-Nakamura Chemical Co., Ud.). 

so [0074] The above radically polymerizing organic substances may be used Independently or in combination to attain 
a desired property. 

[0075] It is also preferable that 50 %<by weight or more based on the radically polymerizing organic substance is a 
compound having (meth)acrylic group in the molecule. 

[0076] The content of the radically polymerizing organic substance used in the present invention is preferably not 
55 more than 200 parts by weight particularly preferably 10 to 100 parts by weight, based on 100 parts by weight of the 
cationically polymerizing organic substances. 

[0077] The (4) energy beam sensitive radical polymerization Initiator, used in the present Invention, Is a compound, 
which enables to initiate the radical polymerization upon exposure to an energy beam, and preferably includes ketone 
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series compounds such as acetophenone series compounds, benzyl series compounds and thioxanthone series com- 
pounds. 

[0078] Acetophenone series compounds include, for example, diethoxyacetophenone, 2-hydroxy-2-methyl-1-phe- 
nylpropane-1 -one, 4'-iso-propyl-2-hydroxy-2-methylpropiophenone. 2-hydroxymethyl-2-methylpropiophenone, 2,2- 
dimethoxy-1 .2-diphenylethane-1 -one, p-dimethylaminoacetophenone. p-tert-butyldichloroacetophenone, p-tert-butyl- 
trichloroacetophenone, p-azidobenzalacetophenon, 1-hydroxycyclohexylphenylketone. 2-methyl-1-[4-(methylthio)phe- 
nyl]-2-morpholinopropanone-1 . 2-ben2yl-2-dimethylamino-1 -(4-morpholinophenyl)-butanone-1 , benzoin, benzoin 
methyl ether, benzoin ethyl ether, benzoin isopropyl ether, benzoin-n-butyl ether, benzoin isobutyl ether 1 -[4-(2-hydrox- 
yethoxy) phenyl]-2-hydroxy-2-methyl-1 -propane- 1 -on, and the like. 
[0079] Benzyl series compounds include benzyl, anisyl and the like. 

[0080] Benzophenone series compounnds include, for example, benzophenone, methyl o-benzoyi benzoate, Mich- 
ler's ketone, 4,4'-bisdiethylamino benzophenone, 4,4'-dichlorobenzophenone. 4-benzoyl-4'-methyldiphenyl sulfide and 
the like. 

[0081] Thioxanthone series compounds include thioxanthone, 2-methylthioxanthone. 2-ethylthioxanthone, 2-chlo- 
rothioxanthone, 2-isopropylthioxanthone, 2,4-diethylthioxanthone and the like. 

[0082] Other energy beam sensitive radical polymerization initiators include 2,4,6-trimethylbenzoyldiphenyl phos- 
phine oxide, bis(cyclopentadienyl)-bis[2,6-difluoro-3-(pyl-1-yl)]titanium and the like. 

[0083] The above energy beam sensitive radical polymerization initiators may be used independently or in combi- 
nation to attain a desired property. 

[0084] The content of (4) energy beam sensitive radical polymerization initiator described above can be stoichio- 
metric quantity, and it is preferably 0.05 to 10% by weight, more preferably 0.1 to 10% by weight, based on the weight 
of (3) radically polymerizing organic substances. When the content exceeds this range, the cured articles have insuffi- 
cient strength, and in the case of below the cure of the resin is insufficient. 

[0085] The curing rate of the resin composition containing (4) energy beam sensitive radical polymerization initiator, 
mixed with (3) radically polymerizing organic substance, exhibits much imjproved in the stereolithographic process, 
compared with the other compocition, thus such composition is preferable for stereolithographic resin composition. 
[0086] (5)0rganic compounds having two or more hydroxyl groups per one molecule and (6)thermoplastic poly- 
mers, may be added in the stereolithographic resin composition according to the present invention as optional compo- 
nents. 

[0087] Preferable examples of above-mentioned (5)organic compounds having two or more hydroxyl groups per 
one molecule, include polyhydric alcohols, polyethers containing hydroxy groups, polyesters containing hydroxy groups 
and polyhydric phenols. 

[0088] Examples of the polyhydric alcohols include ethylene glycol, propylene glycol. neopentyl glycol, trimethylol- 
propane, glycerol, pentaerythritol. dipentaerythritol. 1.3-butanediol, 1.4-butanediol, 1,6-hexanediol, 1 ,4-cyclohexane 
dimethanol, 4. 8-bis (hydroxymethyl)tricyclo[5,2,1,o2^.]decane, and the like. 

[0089] The polyether containing hydroxy groups means a compound obtained by adding one or more alkylene 
oxide to one or more polyhydric alcohols or one or more polyhydric phenols. Examples of the polyhydric alcohols and 
polyhydric phenols used therein include ethylene glycol, propylene glycol, neopentyl glycol, trimethyiolpropane, glyc- 
erol, pentaerythritol, dipentaerythritol, 1 ,3-butanediol, 1 ,4-butanediol, 1,6-hexanediol, bisphenol A. bisphenol F. phenol 
novolak. cresol novolak and the like. On the other hands, examples of the alkylene oxides include propylene oxide, eth- 
ylene oxide and the like. 

[0090] Further, examples of the polyester containing hydroxy groups include a polyester obtained by esterif icatloln 
of one or more polyhydric alcohols and/or polyhydric phenols with one or more monobasic or polybasic acids, and a 
polyester obtained by esterification of one or more lactones with one or more polyhydric alcohols. Examples of the pol- 
yhydric alcohols or polyhydric phenols such as those listed above. Examples of tiie monobasic acids include formic 
acid, acetic acid, butyl carbonic acid, beuzoic acid and the like. Examples of tfie polybasic acids include adipic acid, 
terephthalic acid, trimellitic acid and the like. Examples of the lactones include p-propiolactone. and e-caprolactone. 
The polyhydric phenol means a compound containing two or more hydroxy groups, bonded directly to aromatic ring, per 
one molecule, such as bisphenol A, bisphenol F, phenol novolak resin and cresol novolak resin listed above. 
[0091] The above-mentioned (5)organic compounds having two or more hydroxyl groups per one molecule may be 
used independentiy or In combination to attain a desired property 

[0092] The content of the organic compound having two or more hydroxy groups per one molecule is preferably 1 
to 50 parts by weight based on the 100 parts by weight of (1) cationically polymerizing organic substances in the resin 
composition. 

[0093] (6)The thermoplastic polymer compound is a polymer compound which is in a liquid or solid state at room 
temperature and can be uniformly mixed with the resin composition at room temperature. 

[0094] Typical examples of such thermoplastic polymer compounds Include polyester, polyvinyl acetate, polyvinyl 
chloride, polybutadiene. polycarbonate, polystyrene, polyvinyl ether, polyvinylbutyral. polyacrylate, polymethyl methacr- 
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ylate. poiybutene, and styrene-butadiene block copolymer hydrogenated. 

[0095] Derivatives of these thermoplastic polymer compounds having functional groups such as a hydroxyl, car- 
boxy!, vinyl or epoxy group may also be used. 

[0096] The preferable number-average molecular weight of said thermoplastic polymer compound as used in the 
present Invention is 1000 to 500000, more preferably 5000 to 100000. A molecular weight outside this range may be 
practicable; however, an excessively low molecular weight would fall to attain desired improvement in strength, and 
excessively high one would increase the viscosity of the resin composition, making It unsuited for optical solid molding. 
[0097] And, the content of said thermoplastic polymer compound, is 5 to 50 %, preferablly 5 to 30 % by weight. 
When the content is less than low limit, no effect is observed. In the case of higher content than higher limit, the com- 
position becomes disadvantagous as a stereolithographic resin composition because the viscosity of the composition 
becomes too high. 

[0098] The resin composition according to the present invention with the thermoplastic polymer compound further 
improves the mechanical properties of the cured resin in the stereolithograpphic process, conrpared with the same 
composition without it, and as a result, the resulting composition is preferable stereolithograpphic resin composition. 
[0099] If desired, a photosensitizer, which is not essential, may be added in the stereolithograpphic resin composi- 
tion of the present invention. For example, the combination of the photo-sensitizer such as anthracene derivative or 
pyrene derivative further improves the cure rate compared with the resin composition without the photo-sensitizer, and 
as a result more preferable resin composition can be obtained. 

[0100] Various resin additives, such as thermosensitive cationic polymerization initiator, inorganic filler, organic 
filler, coloring agent such as pigment or dye, leveling agent, defoamer. thickener, flame retardant, antioxidant and sta- 
bilizer may be added as desired in the amounts of their normal use, provided that they do not impair the advantage of 
the present invention. As the thermosensitive cationic polymerization initiater, for example, onium salts described in 
Japanese Patent Application Laid-open No.SHO 57-49613 and SHO 58-37004. can be mentioned. 
[0101] Various resin additives, such as thermosensitive cationic polymerization initiator, inorganic filler, organic 
filler, coloring agent such as pigment or dye. leveling agent, defoamer. thickener, flame retardant. antioxidant and sta- 
bilizer may be added as desired in the amounts of their normal use. provided that they do not impair the advantage of 
the present invention. However, it is preferable that are limited to 150 % by weight or below based on the total amount 
of the stereolithographic resin composition of the present invention, so as not to amplify the distortion of the obtained 
molding. 

[0102] In the present invention, the beam, to which the afore-mentioned stereolithographic resin composition is 
exposed, is preferably the ultraviolet laser. The example of the beam include helium-cadmium laser, argon ion laser and 
neodymium-oscilatory laser with an emission wave length converted to one third by combination with non-linear crj^tal. 
Also, the beam, in which the energy of the beam with an emission wave length of 345 to 360nm is more than 70%, 
based on the total energy of the beam with an emission wave length of 250 to 400nm, is more preferable. 
[0103] In that case the beam with an emission wave length of less than 250nm, or more than 400 nm. is not useful 
to cure the afore-mentioned stereolithographic resin composition, that is not useful to activate the energy beam sensi- 
tive cationic polymerization initiator. However, they may be used, if desired. 

[0104] Thus, the total energy of the beam with an emission wave length of 250 to 400nm must be more than the 
required energy enough to cure the afore-mentioned stereolithographic resin composition, that is enough to activate the 
energy beam sensitive cationic polymerization initiator. 

[01 05] If the energy of the beam with an emission wave length of 345 to 360nm is not more than 70%, based on the 
total energy of the beam with an emission wave length of 250 to 400nm. the beam cannot be absorbed enough to cure, 
so that the depth to be cured for the resin becomes too deep, and the needless cured portion is made owing to cure the 
needless portion. 

[0106] Examples of the beam, in which the energy of the beam with an emission wave length of 345 to 360nm is 
more than 70%. based on the total energy of the beam with an emission wave length of 250 to 400nm Include Nd solid 
type laser(e.g. Nd-YV04 laser, Nd-YAG laser) with an emission wave length converted to one third {355nm) by combi- 
nation with non-linear crystal, and the laser beam with an emission wave length of 351 nm rich made by treatment 
through filter from argon ion laser(333nm. 351 nm and 364nm). 
. [0107] The first step to carry out the stereolithographic process according to the present invention is to prepare a 
stereolithographic resin composition from afore-mentioned essential constituents for the stereolithographic resin com- 
position, optional constituents if desired and the other materials. 

[0108] This preparing process may be performed in a known manner by, for example, thoroughly mixing the com- 
ponents by blade turbine agitation, roll kneading, or other method. The preferred compounding ratio of (1) through (4) 
described above, and the types and contents of the additives to be mixed as necessary may be selected according to 
the aforementioned stereolithographic resin composition of the present invention. Thus obtained stereolithographic 
resin composition is generally in a liquid state at room temperature. 

[0109] In the next step, a given portion of the stereolithographic resin composition is exposed to an energy beam 
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to cure the exposed portion thereof, in order to produce a desired thickness of cured layer; then, the cured layer is over- 
laid with another layer of the energy beam curing resin composition, which is radio-cured in the same manner to pro- 
duce a cured layer which continuously overlaps the first above-described cured: and the same process is repeated to 
finally obtain a three-dim ensioiial solid shape. 

5 [0110] Furhtermore, the process mentioned above is shown according to Fig. 1 through Fig. 4. In Fig. 1 the NC 
table 2 is set In the resin 5, then the layer of uncured resin is formed with a certain depth, which corresponds to the 
thickness of the layer of uncured resin. Next, by a signal from control section 1 according to CAD data, the surface of 
the uncured resin is exposed to scanning radiation by the laser beam 6 from laser source 4 to obtain the first cured layer 
7 (cf. Fig, 2). By a signal from control section 1, in turn, the NC table 2 is moved down to form the second layer of 

10 uncured resin with the certain thickness on the first cured layer, (cf. Fig. 3). the uncured resin is exposed to scanning 
radiation by the laser beam 6 in the same manner to obtain the second cured layer 8. (cf. Fig. 4). The same process is 
repeated to finally obtain the molding. 

[01 1 1 ] The following examples and comparative examples are given for the purpose of illustration for the embodi- 
ment of this invention. 

IS 

Synthesis exanrple (1 ) 

Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenylbis (4 - f luorophenyl) sulfbnium hexafluoro-antimonate. (Com- 
pound 1 : the following formula) 

20 

[0112] 



25 



30 




[01 1 3] Synthesis was carried out via three steps, as follows : 

( 1 ) Synthesis of 3.4-dichloro benzophenone. 

40 

[0114] 70.3g of benzoyl chloride was added into the mixture of aluminium chloride (93.3g) and 1,2-dichloro ben- 
zene (14.7g) using 500mL three necked flasK then reaction was carried out for 12 hrs. at 120°C. The reaction mixture 
was poured into 1000g of ice water in a beaker (SOOOmL). and further. lOOOg of toluene was added. The toluene layer 
was washed by lOOOg of water three times. After condensing the toluene layer under reduced pressur, 87g of 3.4- 
45 dichlorobenzophenone was obtained (yield 69%) 

(2) Synthesis of 3-chloro-4-phenylthio-benzophenone. 

[0115] 150g of dimethyl formamide, 27.5g of benzenethiol and 20.0g of natrium hydroxide were mixed in 500mL 
so three necked flask, and the mixture was heated at 100*'C. With stirring the mixture, four alliquots of 3,4-dichloeobenzo- 
phenone (total 62.8g)were poured into the mixture sequentially, and stirring was continued for 3 hrs. After cooling of the 
reaction mixture, 500g of toluene were added, and the toluene layer was washed by 500g of water five times. Condens- 
ing the toluene layer under reduced pressure. 76g of 3-chloro-4-phenylthio-benzophenone were obtained (yield 94%). 

55 (3) Synthesis of 4-(2-chloro-4-benzoylphenyIthio)phenylbis(4-fluorophenyl) sulfbnium hexaf luoroantimonate. 

[01 1 6] 47.7g of 4,4'-dif luorodiphenyl sulfide were added into 300g of sulfuric acid with stirring using 1 0OOmL three 
necked flask. After 4.4'-dif luorodiphenyl sulfide was dissolved clearly, five alliquots of 3-chloro-4-pheny!thio-bpnzophe- 
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none (total 65.0g) were added sequentially. As soon as adding, the reaction mixture was colored to dark gray. Stirring 
was continued for 24hrs, at room temperature. Tlien. the reaction mixture and 300g of toluene were poured into 500g 
of methanol and 500g ice in 3000mL beaker. The underlayer was separated out, and after it was neutralised with 40% 
aqueous natrium hydrixide solution, 1500g of ethyl acetate was added therein, and stirring was continued. 
5 [01 1 7] 66g of KSbF6 was added therein, and stirring was continued for two hours. After the ethyl acetate layer was 
washed with lOOOg of water twice, 139g of 4-(2-chloro-4-benzoylphenylthio)phenylbis(4-fluorophenyl) sulfonium hex- 
afluoroantimonate was obtained as white powder (yield 89%) by condensing under reduced pressure. 
[01 1 8] The results of analysis are shown as follows; 

10 



Infrared absorption spectrum( ketone) v 
(C=0) 1760cm-^ 


Elementary analysis 


calcd 


found 


C 


47.7% 


48.5% 


H 


2.6% 


3.2% 


S 


8.2% 


8.5% 


Sb 


15.6% 


13.8% 


CI 


4.5% 


6.5% 



25 [0119] Identificatin of chemical structure was canried out by ^H-NMR and ^^C-NMR. 
Synthesis example (2) 

Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenyibls (4-f luorophenyl)sulfonium hexaf luoro-phosphate. (Compound II 
30 : the following formula) 

[0120] 



35 



40 




45 

[0121] In the same manner as in Synthesis example (1), KPFs was used instead of KSbPg- And the Comound II 
was obtained as white powder. Identificatin was earned out by Infrared absorption spectrum, elementary analysis, ^H- 
50 NMRand^^C-NMR. 

Synthesis example (3) 

Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenyldiphenyl sulfonium hexaf luoroantimonate. (Compound III : thefbl- 
55 lowing formula) 

[0122] 
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5 



10 




IS 

[0123] In the same manner as in Synthesis example (1). diphenylsulfide was used instead of 4.4'-difuIuorodip1ie- 
nylsulfide and the Cpmound III was obtained as white powder. Identificatin was carried out by Infrared absorption spec- 
trum, elementary analysis, ^H-NMR and ^^C-NMR. 

20 

Synthesis exarhple (4) 

Synthesis of 4-(2-chloro-4-benzoyIphenylthio)phenyldiphenyl sulfbnium hexafluorophosphate(Compound IV : the fol- 
lowing formula) 

25 

[0124] 



30 



35 




40 

[0125] In the same manner as in Synthesis example (3). KPFe was used instead of KSbFe and the Comound IV 
was obtained as white powder. Identificatin was carried out by Infrared absorption spectrum, elementary analysis, '^H- 
45 NMR and ^^c-NMR. 

Synthesis example (5) 

Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenylbis(4-hydroxyethoxyphenyl) sulfonium hexafluoro-antimonate. 
50 (Compound V : the following formula) 

[0126] 



55 
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10 



HOCH2CH20— 
H0CH2 CH20 — 



SbFg 




[0127] In the same manner as in Synthesis example (1), 4,4'-bishydroxyethoxyphenylsulfide was used instead of 
IS 4,4'-difuluorodiphenylsulf ide and the Comound V was obtained as white powder. Identif icatin was carried out by Infra- 
red absorption spectrum, elementary analysis. ^H-NMR and ^^C-NMR. 

Synthesis example (6) 

20 Synthesis of 4-(2-chloro-4-benzoylphenylthio)phenylbis(4-hydroxyethoxyphenyl) sulfonium hexafluoro-phos- 
phate(Compound VI : the following formula) 

[0128] 



2S 



30 



35 



HOCH2CH2O— 

HOCH2CH20 — <(^y^ 




[0129] In the same manner as in Synthesis example (5). KPFg was used instead of KSbFg and the Comound IV 
was obtained as white powder. Identif icatin was carried out by Infrared absorption spectrum, elementary analysis, ^H- 
NMRand^^C-NMR. 
40 The following compounds were also tested for comparative test. 

(Comound VII: the following formula) 



[0130] 



45 



so 



55 
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(Comound VIII: the following formula) 
[0131] 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



PF 



6 



Test 1 

Spectral exposure test, 

[0132] The photo-curable resin composition containing the photo-acid generator, which consists of aromatic sul- 
phonium salt, mentioned above were prepared. The quantity of photo-acid based on 100g of 3,4-epoxy cyclohexylme- 
thyl-3.4-epoxy cyclohexyl carboxylate are shown in following Table 1. The photo-curable resin composition was coated 
on a glass plate with bar-coater(No. 6). which was 10 ^im thick. The spectral sensitivity of the photo-curable resin com- 
position exposed to an emission wave-length of 365nm, applying spectrometer CT-25CP from Jasco Corporation. 
[0133] This spectrometer is provided with built-in high-presure mercury-vapor lamp and diffraction grating, thus 
. monochromatic light of an emission wave length of 365nm can be radiate and the radiation energy can be controlled by 
regulation of the exposing time with the shutter. A movable stage, on which the glass plate coated by the above men- 
tioned photo-polymerizable composition can be set, is provided right below the shutter. The stage can be work in con- 
nection with the shutter, and the photo-polymerizable composition can be exposed to thirteen different levels of energy. 
After exposure, the glass plate, coated with photo-polymerizable composition was developed by methanol. The mini- 
mum energy to cure by an emission wave length of 365nm was determined by the number of the remaining cured film, 
the luminous energy of an emission wave length of 365nm and the period of exposure. The test results were shown in 
Table 1. 



Table 1 



Compound 


Quantity (mmol) 


Sensitivity (energy 
required to cure) 
(365nm) (mJ/cm^) 


1 


1.0 


22 


II 


4.0 


22 


ill 


1.0 


22 


IV 


4.0 


22 


V 


1.0 


22 


VI 


4.0 


22 


Vli 




39 


Vltl 


4.0 


39 



[01 34] In Table 1 , it is clear that the novel sulfonium salts (I to VI) of the present invention have more improved sen- 
sitivity to long wave radiation with an emission wave length of 365nm, compared with previously known sulfonium salts 
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(VII. VIII). 
Test 2 

5 [0135] Afore mentioned compounds I to VI were added as photo initiators to the mixture of 80g of 3,4-epoxy 
cyclohexylmethyl-3.4-epoxy cyclohexane cartx>xylate with 20g of 1.4-butane diol diglycidyl ether at the content as 
shown in Table 1, and the mixture was blended enough uniformly. The mixture was coated on an aluminium coated 
paper with bar-coator(No. 3). This sample composition was exposed to radiation from 80W/cm high-pressure mercury- 
vapor lamp by the specrometer provided with beltconveyar. The distance between lamp and beltconveyar was 10cm 

10 and line speed of the beltconveyar was Scm/min. 

[01 36] After curing, the sample was held at room ternperature for 24hrs. Then the surface of the sample was tested 
^ by return rubbing 200times with an applicator soaked by MEK (methyl ethyl Ketone). As any resin composition was suf- 
fered by no damage even after 200times return rubbing, it was found that the curing was carried out sufficiently and the 
cured article has good solvent resistance. 

IS 

Test 3 

[0137] Afore mentioned compounds I to VI were added as photo initiators to the mixture of 80g of 3,4-epoxy 
cyclohexylmethyl-3.4-epoxy cyclohexane carboxylate with 20g of 1 ,4-butane diol diglycidyl ether at the content as 
20 shown in Table 1 , and the mixture was blended enough uniformly The mixture was coated on a polyethylene terephtha- 
late film 50 ^m thick with bar-coater(No. 3). This sample composition was exposed to radiation from 80W/cm high-pre- 
sure mercury-vaor lamp by the spectrometer provided with beltconveyor. The distance between lamp and beltconveyar 
was 1 0cm and line speed of the beltconveyor was Scm/min. 

[0138] After curing, the sample was held at room temperature for 24hrs. Then the pencil hardness of the cured 
25 samie was determined by a pencil hardness-tester under 1 kg of load. Every result determined was 2H hardness. 
[0139] Now, with regard to the stereolithographic resin composition and the stereolithographic process, the exam- 
ples and the comparative examples are setting forth according to the present invention. In the examples and the com- 
parative examples, the term "parts" means "parts by weight"^ 

30 Experiment 1 : The precision of the molding (the length and the width) and the molding test. 

[0140] The stereolithographic resin composition was tested in the stereolithographic experimental system which 
consisted of a movable NC table, an optical system(together with a laser system) and a control computer, and the box. 
which is filled with the molding and have the dimension of 1 00mm length. 1 00mm width and 1 0mm height, was obtained 
35 from the above resin composition by curing it in steps of 0.1mm thickness according to CAD data. The differences 
between the cured article and CAD data about the length and the width, were determined. Also, the properties and the 
appearance of the model were observed. 

Experiment 2.: The determination of the sensitivity. 

40 . 

[0141 ] Using the same system as the Experiment 1 , the sensitivity of the resin was tested according to the proce- 
dure described in ( "Kohsoku sanjigen seikei no kiso" (that is, the basement of the rapid, three dimensional moWing). 
editted and author by Paul F. Jacobs, p. 258, 1993. published by Nikkei Publishing Center.). 

45 Experiment 3: The precision of the molding (the thickness of the needles s cured portion to the depth). 

[0142] Using the same system as the Experiment 1 , a specimen having the shape shown in Figure 1 , was obteined. 
There is no support under the portion near the center of the specimen. Provided that the absorption of the beam is 
insufficient, when the resin portion near the center is curing, the needless cured portion is formed. As curing of the 
50 needless cured portion is insufficient, this portin is softer compared with the normal cured portion. The thickness of the 
needless cured portion was determined by being scraped out with a knife. 

Experiment 4:The measurement of the mechanical strength. 

55 [0143] Using the same system as the Experiment 1, a bending test specimen and an impact test specimen were 
obtained. The specimen were tested for bending strength. Izod impact strength (notched) and elongation in tension 
according to the test method described in JIS-691 1 . 

[0144] The materials used for the Examples and Comparative examples were as follows: 
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For (1) the cationically polymerizing organic substances (hereafter "cationic resins")* cationic resins 1 to 5 as 
shown below were used: 

Cationic resin 1 : 3,4-epoxycyc!ohexy]methyl-3.4-epoxycyclohexane carisoxylate. 
5 Cationic resin 2: 1 ,4-butanedioldigiycidyl ether. 

Cationic resin 3: bis(3,4'epoxycyclohexylmethyl) adtpate. 

Cationic resin 4: bisphenol A diglycidil ether. 

Cationic resin 5: 1 ,4-bis[(3-ethyl-3-oxetanylmethoxy)methyl]benzene. 

10 For (2) the energy beam sensitive cationic polymerization initiators (hereafter "cationic initiators"), cationic initiators 
1 to 5 as shown below were used: 

Cationic initiator 1 : 4-(2-chlolo-4-benzoy!phenylthio)phenyldiphenylsulfonium hexafluoroantimonate. 
Cationic initiator 2: 4-(2-chlolo-4-benzoylphenylthio)phenylbis(4-ftuorophenyl) sulfbnium hexafluoroanti- 

16 monate. 

Cationic Initiator 3: 4-(4-benzoylphenylthio)phenylbisdiphenylsulphonlum hexafluoroantimonate. 

Cationic initiator 4: 4,4'-bts(diphenylsulfonio)phenylsulf ide-bis-hexaf luruolo antimonate. 

Cationic initiator 5: 4.4'-bis[bis(p-hydroxyethoxy)phenyl]sulphonio phenylsulfide-bishexafuluoro antimonate. 

20 For (3) the radically polymerizing organic substances (hereafter "radical resins"), radical resins 1 to 3 as shown 
below were used: 

Radical resin 1 : dipentaerythritol hexaacrylate. 
Radical resin 1 : acrylate of bisphenol A epoxide. 
25 Radical resin 1 : trimethylolpropane triacrylate. 

For (4) the energy beam sensitive radical polymerization initiators (hereafter "radical initiators"), radical initiators 1 
and 2 as shown below were used: 

30 Radical initiator 1 : 2-hydroxy-2-methyl-1 -phenylpropane- 1 -on. 

Radical initiator 2: 1-[4-(2-hydroxyethoxy)phenyl]-2-hydroxy-2-methyl-1-propane-1-on. 

[0145] Following three kind of laser were applied in the Experiments. 

35 Nd-YV04 : Nd-YV04 laser having an emission wave length converted by combination with non-linear crystal Wave 
length : 355nm. Pulse-oscilatory laser (from Spectra Physics Co.. Trade name : BLIO-355Q). 
Ar-1 : Ultraviolet-oscllatory argon ion laser. Mixed wave length of 333, 351 and 364nm (from Coherent, Inc. Trade 
name : INNOVA325. Rate of energy of an emission wave length of 351 nm is 44%). 

Ar-2 : Ultraviolet-oscilatory argon ion laser. Mixed wave length of 351nm(main) and 333nm(minor) (from Coherent. 
40 Inc. Trade name : INNOVA325/D 165-1 48-00. Rate of energy of an emission wave length of 351nm is 76%). 

Example 1 

[0146] A resin composition mixed at the content as shown in Table 2, was blended enough to obtain the stereolitho- 
45 graphic resin composition. The resin composition was a pale yellow, transparent liquid. Using the resin composition, 
Experiment 1 to 4 was tested by employing the laser shown in Table 2. The test result was shown in Table 2. 

Example 2 to 8 and Comparative example 1 to 3 

so [0147J In the same manner. Example 2 to 8 and Comparative example 1 to 3. The test result was shown in Table 2 
to 4. 



55 
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Table 2 





Example 




1 


2 


3 


4 


5 


6 


Cationic resin 1 


75 


75 


55 


55 


55 


35 


Cationic resin 2 


25 


25 


15 


15 


15 


20 


Cationic resin 3 












15 


Cationic resin 4 












20 


Cationic initiator 1 


2 




2 


2 


2 




Cationic initiator 2 




2 








2 


Cationic initiator 3 














Cationic initiator 4 














Cationic initiator 5 














Radical resin 1 






20 


20 


20 


5 


Radical resin 2 












5 


Radical resin 3 






10 


10 


10 




Radical initiator 1 






0.5 


0.5 


0.5 




Radical initiator 2 












0.5 


Type of laser 


Ar-1 


Ar-1 


Ar-1 


Ar-2 


Nd-YV04 


Ar-1 


Bending strength (kg/cm^) 


600 


510 


720 


610 


730 


810 


Izod (kg • cnVcm^) 


5.1 


5.2 


6.1 


5.3 


5.9 


6.9 


Precision of moldings (length and breadth) (mm) 


0.011 


0.012 


0.010 


0.015 


o.gi4 


0.011 


Sensitivity (mJ/cm^) 


9.8 


9.9 


8.3 


9.0 


7.6 


8.1 


Precision of moldings (Needless cured portion) (mm) 


0.16 


0.14 


0.15 


0.05 


0-04 


0.15 



Table 3 





Example 




7 


8 


Cationic resin 1 




40 


Cationic resin 5 


100 


50 


Cationic initiator 1 


2 


2 


Radical resin 1 




10 


Radical initiator 1 




0.5 


Type of laser 


Nd-YV04 


Nd-YV04 


Bending strength (kg/cm^) 


600 


710 


Izod (kg • cm/cm^) 


9.0 


7.5 


Precision of moldings (length and breadth) (mm) 


0.009 


0.010 


Sensitivity (mJ/cm^) 


6.9 


8.0 
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Table 3 (continued) 





Example 




7 


8 


Precision of moldings (Needless cured portion) (mm) 


0.05 


0.04 


Elongation in tension (%) 


10 


14 



Table4 





Comparative example 




1 


2 


3 


Cationic resin 1 


55 


55 


55 


Cationic resin 2 


15 


15 


15 


Cationic resin 3 








Cationic resin 4 








Cationic initiator 1 








Cationic initiator 2 








waiioniu iniiiaior o 


2 






Cationic initiator 4 




2 




Cationic initiator 5 






2 


Radical resin 1 


20 


20 


20 


Radical resin 2 








Radical resin 3 


10 


10 


10 


Radical initiator 1 


0.5 


0.5 


0.5 


Radical initiator 2 








Type of laser 


Ar-1 


Ar-1 


Ar-1 


Bending strength (kg/cm^) 


550 


380 


400 


Izod (kg • cm/cm^) 


4.9 


3.9 


3.8 


Precision of moldings (length and breadth) (mm) 


0.013 


0.015 


0.020 


Sensitivity (mj/cm^) 


17.1 


27.5 


29.4 


Precision of moldings (Needless cured portion) (mm) 


0.15 


0.24 


0.23 



Industrial Feasibility 

[0148] It appears that the aromatic sulfonium compound of the present invention can be activated by effective 
absorption of long-wave radiation, and can act as a suitable photo-acid generator. Therefore, since the photo-polymer- 
izable resin composition, which contains the photo-acid generator, can be cured rapidly to give a good cured article, 
which has improved properties, a photoresist made of this photo-polymertzable resin composition has good sensitivity 
and good resolution. By employing the stereolithographic resin conposltions, which comprizes the aromatic sulfonium 
compound of the present invention, disadvantages of the prior art can be overcome, this resin composition do not suffer 
from the hindrance to curing by oxygen, can easily give shaped articles having desired sizes by virtue of the high accu- 
racy thereof in curing, owing to the high sensitivity thereof for radiant energy and can be cured with formation of only a 
little needless cured portion and without formation of ply separation. Thus, the stereolithographic process employing 
afbre-mentioned resin composition have been provided. 



20 



Claims 



EP1 036 789 A1 



1. An aromatic sulfonium compound expressed by a general formula (I). 

5 



10 



15 




wherein, is a p-phenylene group, in which one or more hydrogen atoms are substituted by halogen or alkyi 
20 group, is a hydrocarbon radical, in which oxygen or halogen may be contained, and are identical or differ- 
ent, respectively hydrogen, halogen or oxygen, or a hydrocarbon radical, in which oxygen or halogen may be con- 
tained, X is a group of atoms, which can form a monovalent anion. 

2. An aromatic sulfonium compound of Claim 1 . wherein R^ is, 

25 

a) an alkyI group. In which one or more hydrogen may be substituted by a group selected from the group con- 
sisting of halogen, phenyl, alkoxy, phenoxy, acyl and ester group, or 

b) phenyl group, in which one or more hydrogen may be substituted by a group selected from the group con- 
sisting of hydroxy! group, halogen, phenyl, alkoxy, phenoxy, acyl and ester group. 

30 

3- An aromatic sulfonium compound of Claim 1 or 2, wherein Y^ and Y^ are identical or different, respectively any 
group selected from the group consisting of hydogen, halogen, alkyI, alkoxy, acyl. polyoxyalkylen and ester group. 

4. An aromatic sulfonium compound of any of Claims 1 to 3, wherein X is an anion selected from the group consisting 
35 of SbFe, PFg". As Fq, BF^', SbCle", CI04-, CFsSOa, CHaSOa-, FSOs-, F2PO2', p-toluene sulfonate, campher sul- 
fonate, nonaf luorobutane sulfonate, adamantan carboxylate and tetraaryl borate. 

5. A photo-acid generator comprising the aromatic sulfonium compounds of any of Claims 1 to 4. 

40 6. A photo-polymerizable composition comprizing the photoacid generators of Claim 5 and one or more of (1 ) cation- 
icaily polymerizing organic substances. 

7. A photo-polymerizable composition of Claim 6, wherein at least one substance among the afore-mentioned one or 
more of (1) cationically polymerizing organic substances is an organic compound having one or more epoxy group 

45 in a molecule. 

8. A stereolithographic resin composition comprizing (1 ) cationically polymerizing organic substances and the photo- 
acid generator of Claim 5 as (2) energybeam sensitive cationic polymerization initiator, as essential components. 

.50 9. A stereolithographic resin composition of Claim 8. which additionally comprizes (3) radically polymerizing organic 
substance and (4) energybeam sensitive radical polymerization initiator, as the essential components. 

10. A stereolithographic resin composition of Claim 8 or 9, which comprizes a compound having the cyclohexenoxide 
structure in a molecule at the content of 30% or more by weight based on (1 ) cationically polymerizing organic sub- 

55 stances. 

11. A stereolithographic resin composition of Claim 8 or 9, wherein comprizes a compound having the oxetane struc- 
ture in a molecule at the content of 30% or more by weight based on (1) cationically polymerizing organic sub- 
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stances. 

12. A stereo! ithographic resin composition of any of Claims 9 to 11, wherein comprizes a compound having 
(meth)acrylic groups in a molecule at the content of 50% or more by weight based on (3) radically polymerizing 

5 organic substances. 

1 3. A stereolithographic process, wherein a given portion of an energy beam curing resin composition is exposed to an 
energy beam to cure the exposed portion thereof, in order to produce a desired thickness of cured layer; then, the 
cured layer is overlaid with another layer of the energy beam curing resin composition, which is radio-cured in the 

10 same manner to produce a cured layer which continuously overlaps the first above-described cured layer; and the 
same process is repeated to finally obtain a three-dimensional molding; which comprizes using the stereolitho- 
graphic resin composition of any of Claims 8 to 1 1 . 

14. A stereolithographic process of Claim 13, wherein the energy beam to expose is a ultraviolet ray. 

IS 

15. A stereolithographic process of Claim 13, wherein the stereolithographic resin composition is exposed to the beam, 
the energy of the beam with an emission wave length of 345 to 360nm being not less than 70%, based on the total 
energy of the beam with an emission wave length of 250 to 400nm 

20 16. A stereolithographic process of Claim 13 or 14, the energy beam to expose is a laser beam. 
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